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(57) ABSTRACT 

A trans?ective liquid crystal display device is arranged to 
make the overall structure thinner and enhance a re?ecting 
contrast ratio. The trans?ective liquid crystal display includes 
a ?rst substrate, a second substrate, a liquid crystal layer laid 
between the substrates, a ?rst polarizationplate located on the 
opposite side of the ?rst substrate to the side where the liquid 
crystal layer is located, a second polarization plate located on 
the opposite side of the second substrate to the side where the 
liquid crystal layer is located, and a plurality of pixels formed 
between the substrates, each of the pixels having a re?ective 
area and a transmissive area. An in-cell retarder is located 
between the second substrate and the liquid crystal layer. An 
optical compensation ?lm is located between the ?rst sub 
strate and the ?rst polarization plate, between the second 
substrate and the second polarization plate, or both. 

26 Claims, 10 Drawing Sheets 
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LIQUID CRYSTAL DISPLAYING DEVICE 
WITH COLOR PIXELS AND IN-CELL 

RETARDER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a liquid crystal display 

device, and more particularly to a trans?ective liquid crystal 
display device. 

2. Description of the Related Art 
Today, a trans?ective liquid crystal display device pro 

vided With both re?ective and trans?ective display capabili 
ties is noW being developed. The trans?ective liquid crystal 
display device is arranged to reduce the poWer consumption 
in a bright environment by turning off its backlight unit and to 
alloW a user to vieW an image on the screen in a gloomy or 
dark environment by turning on the backlight unit. It means 
that the trans?ective liquid crystal display is ?tted to portable 
instruments such as a portable phone and a digital camera to 
be used in many kinds of illuminating environments. 

The trans?ective liquid crystal display device is required so 
that a transmissive area and a re?ective area are individually 

located in each pixel and each area is designed to have the 
optimal retardation value. This design can be achieved by 
making the re?ective area stepped and the thickness of the 
liquid crystal layer of the re?ective area about half as long as 
the thickness of the liquid crystal layer of the transmissive 
area. Further, to make the optical characteristic of the trans 
missive area equal to that of the re?ective area, the trans?ec 
tive liquid crystal display device is also required to have a 
retardation ?lm of a N4 plate (Where 7» is a Wavelength of 
light). 

The technique of the retardation ?lm has been disclosed in 
JP-A-2003-279956 and JP-A-Hei5-l00l l4. JP-A-2003 
279956 discloses a composition in Which a retardation ?lm is 
built in a liquid crystal cell. JP-A-Hei5-l00l l4 discloses a 
composition in Which a combination of a M 2 plate and a N4 
plate is served as a Wide circular polarization plate. 

Further, another technique of building the retardation ?lm 
in a re?ective TN (TWisted Nematic) system liquid crystal 
display device has been disclosed in JP-A-2004-20580l. 
JP-A-2004-20580l proposes a method of adjusting a retarda 
tion value of a built-in retarder plate according to each color 
pixel so that the retardation may be M 4 in each Wavelength. 

The trans?ective liquid crystal display device of an ECB 
(Electrically Controlled Birefringence) system, a VA (Verti 
cal Alignment) system or a TN system is requested to build 
the retarder plate in it from vieWpoints of reduction of color 
ing When displaying a re?ected black image, a high re?ective 
contrast ratio, and thinning. Disadvantageously, these prior 
art documents do not disclose a Way of building the retarder 
plate in a trans?ective liquid crystal cell and thus do not bring 
about a su?icient re?ective contrast and so forth. 

SUMMARY OF THE INVENTION 

The present invention is made in consideration of the fore 
going disadvantages, and it is an object of the present inven 
tion to provide a trans?ective liquid crystal display device of 
each display system Which is arranged to reduce coloring 
When displaying a re?ected black image, offer a high re?ec 
tive contrast ratio, and make the overall body thinner than 
those of the prior arts. 

In carrying out the foregoing object, according to an aspect 
of the invention, a trans?ective liquid crystal display device 
includes a ?rst substrate, a second substrate, a liquid crystal 
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2 
layer laid betWeen the ?rst and the second substrates, a ?rst 
polarization plate located on the opposite side of the ?rst 
substrate to the side Where the liquid crystal layer is located, 
a second polarization plate located on the opposite side of the 
second substrate to the side Where the liquid crystal layer is 
located, a plurality of pixels formed betWeen the ?rst and the 
second substrates, each of the pixels having a re?ective area 
and a transmissive area, an in-cell retarder being located 
betWeen the second substrate and the liquid crystal layer, an 
optical compensation ?lm being located betWeen the ?rst 
substrate and the ?rst polarization plate, betWeen the second 
substrate and the second polarization plate, or both. 
The “in-cell retarder” termed herein designates a layer 

having an optical phase difference and being located in a 
liquid crystal cell as Will be discussed beloW With respect to 
the embodiments. Further, the “optical compensation ?lm” 
termed herein designates a ?lm to be used for compensating 
for an optical characteristic of the display device. 

According to the invention, in the foregoing arrangement, 
the display device takes an ECB system or a VA system. 
The “ECB system” termed herein designates a system in 

Which the axes of liquid crystal molecules are aligned sub 
stantially horizontally With respect to the ?rst and the second 
substrates When no voltage is applied to the liquid crystal and 
rotating the liquid crystal molecules vertically With respect to 
the substrates When a certain voltage is applied thereto. The 
“VA system” termed herein designates a system in Which the 
major axes of liquid crystal molecules forming the liquid 
crystal layer are aligned substantially vertically With respect 
to the ?rst and the second substrates When no voltage is 
applied to the liquid crystal and the major axes thereof are 
rotated horizontally With respect to the substrates When a 
certain voltage is applied thereto. 

Further, in the ECB system, the optical compensation ?lm 
uses a polymer liquid crystal ?lm formed of discotic liquid 
crystal. The alignment of the discotic liquid crystal molecules 
is inclined With respect to the ?lm surface and is perpendicu 
lar to the initial alignment ofthe liquid crystal layer located on 
the side of the optical compensation ?lm. Moreover, in the VA 
system, the optical compensation ?lm is formed as a negative 
C plate. 
The pixels are grouped into red, green and blue pixels. The 

phase difference of the in-cell retarder betWeen the green 
pixels and the blue pixels is larger than that in the red pixels. 
Further, in this arrangement, the phase difference of the in 
cell retarder in the blue pixels is larger than that in the green 
pixels. 

In the arrangement in Which the red, the green and the blue 
pixels have their respective phase differences, the phase dif 
ference of the in-cell retarder is adjusted to be a quarter or less 
of the Wavelength at Which the highest transmittance is 
brought about in each group of the red, the green and the blue 
pixels. Further, the in-cell retarder is formed With a half-tone 
mask or a gray-scale mask. The thickness of the in-cell 
retarder is uniform in the red, the green and the blue pixels and 
the birefringence of the in-cell retarder is different in each 
group of the red, the green and the blue pixels. Moreover, the 
planar phase difference among all the optical ?lms located 
betWeen the ?rst polarization plate and the ?rst substrate has 
a value of 50 nm or less. The planar phase difference among 
all the optical ?lms located betWeen the second polarization 
plate and the second plate has a value of 50 nm or less. 

Further, the in-cell retarder is located only in the re?ective 
area. In this location, the birefringence of the in-cell retarder 
is uniform in the red, the green and the blue pixels. The 
thickness of the in-cell retarder is different in each group of 
the red, the green and the blue pixels. Moreover, a step is 
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formed to adjust the thickness of the in-cell retarder and the 
step causes the liquid crystal layer of the re?ective area to be 
thinner than that of the transmissive area. 

The trans?ective liquid crystal display device of each fore 
going display system is arranged to reduce the coloring When 
displaying a re?ected black image, offer a high contrast ratio, 
and to make its bulk thinner than the conventional liquid 
crystal display device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional vieW shoWing a liquid 
crystal display device according to a ?rst embodiment of the 
present invention; 

FIG. 2 is a sectional vieW shoWing an optical compensation 
?lm required in the ?rst embodiment; 

FIG. 3 is a sectional vieW shoWing a planar structure of a 
liquid crystal cell according to in the ?rst embodiment; 

FIG. 4 is a schematic sectional vieW cut on the A-A' line 
shoWn in FIG. 3; 

FIG. 5 is a schematic sectional vieW cut on the B-B' line 
shoWn in FIG. 3; 

FIG. 6 is a circuit diagram shoWing equivalent circuits 
located in matrix so that those equivalent circuits may com 
pose a pixel display area included in the ?rst embodiment; 

FIG. 7 is a schematic sectional vieW cut on the C-C' line 
shoWn in FIG. 3; 

FIG. 8 is a schematic sectional vieW shoWing a liquid 
crystal display device according to a ?rst embodiment 1B of 
the present invention; 

FIG. 9 is a schematic sectional vieW cut on the B-B' line 
shoWn in FIG. 3 according to the ?rst embodiment 1B; 

FIG. 10 is a schematic sectional vieW cut on the B-B' line 
shoWn in FIG. 3 according to a second embodiment of the 
present invention; 

FIG. 11 is a chart shoWing a transmittance spectrum of 
general color ?lters; 

FIGS. 12A to 12C are schematic vieWs shoWing the 
method of producing an in-cell retarder having a different 
phase difference value in each color pixel; 

FIG. 13 is a schematic sectional vieW shoWing an optically 
compensable in-cell retarder according to the second embodi 
ment; 

FIG. 14 is a schematic sectional vieW shoWing a second 
substrate according to a third embodiment of the present 
invention; 

FIG. 15 is a schematic sectional vieW shoWing a liquid 
crystal display device according to a fourth embodiment of 
the present invention; 

FIG. 16 is a sectional vieW shoWing a planar structure of a 
liquid crystal cell according to in the fourth embodiment; 

FIG. 17 is a schematic sectional vieW cut on the D-D' line 
shoWn in FIG. 14; 

FIG. 18 is a sectional vieW shoWing a planar structure of the 
liquid crystal cell provided With slits according to the fourth 
embodiment; 

FIG. 19 is a schematic sectional vieW shoWing a liquid 
crystal display device according to a ?fth embodiment of the 
present invention; 

FIG. 20 is a schematic sectional vieW shoWing a liquid 
crystal display device according to a ?fth embodiment of the 
present invention; and 

FIG. 21 is a schematic sectional vieW shoWing a liquid 
crystal display according to a sixth embodiment of the present 
invention. 
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4 
DESCRIPTION OF THE EMBODIMENTS 

Hereafter, the best modes of carrying out the invention Will 
be described. 

First Embodiment 

The ?rst embodiment Will be described With reference to 
the appended draWings. 

The ?rst embodiment concerns With the trans?ective liquid 
crystal display (simply referred to as the trans?ective LCD) 
device of the ECB system. The ECB system trans?ective 
LCD device is arranged so that When applying no voltage the 
liquid crystal molecules are aligned horizontally With respect 
to the substrate but When applying a certain voltage the liquid 
crystal the liquid crystal molecules are rotated vertically With 
respect to the substrate. This ECB system trans?ective LCD 
uses an optical compensation ?lm and includes a retarder 
plate built in a liquid crystal cell (simply referred to as an 
in-cell retarder as described above). In this embodiment, the 
in-cell retarder is used for arranging the trans?ective LCD, so 
that the ECB system trans?ective LCD of this embodiment 
may be made thinner in bulk than the conventional LCD. 

FIG. 1 shoWs a schematic section of the LCD device 
according to this embodiment. The LCD device includes a 
pair of polariZation plates 32a, 32b, an optical compensation 
?lm 35, a liquid crystal cell 33, and a backlight unit 34. 
The polariZation plate 3211 or 32b is formed by a PVA (Poly 

Vinyl Alcohol) layer extended With iodine absorbed thereon 
and a protective ?lm for protecting the PVA layer. 
The optical compensation ?lm 35 is a ?lm for optically 

compensating for a visual angle. It is preferable to keep the 
refractive index distribution of the ?lm 35 continuously 
changed With respect to the thickness of the ?lm 35. Con 
cretely, as shoWn in FIG. 2, on one of the substrates, the 
discotic liquid crystal molecules or the bar-like nematic liquid 
crystal molecules are aligned substantially horiZontally With 
respect to the substrate. Preferably, those molecules are made 
erected toWard the other substrate. In the composition of FIG. 
1 is located one optical compensation ?lm. Instead, the ?lm 
may be located on each side of the liquid crystal cell. 
An external retarderplate 37 (often referred simply to as an 

external retarder) is located so that the optical characteristic 
of the re?ective portion is made substantially equal to that of 
the transmissive portion. The external retarder is requested to 
have a phase difference of about M4. The external retarder 37 
is formed of polycarbonate or norbornene resin. 
The retarders 38a and 38b are located so as to form a 

large-bandWidth circular polariZation plate. Preferably, the 
retarders 38a and 38b are requested to have a phase difference 
of about M2 and are formed by polycarbonate or norbornene 
resin. 
The backlight unit 34 is composed of an LED (Light 

Emitting Diode) served as a light source, an optical 
Waveguide, a diffuser and the like. Preferably, the LED is 
requested to have a White color. Instead, it is possible to use 
the LED of the three colors RGB. The backlight unit 34 may 
be any device if it serves to illuminate the liquid crystal cell 33 
from the rear surface. The light source and the structure of the 
backlight unit 34 are not limited to those shoWn in FIG. 1. For 
example, the use of a CCFL as the light source makes it 
possible to achieve the effect of the present invention. 

FIG. 3 shoWs a section of a planar structure of the liquid 
crystal cell 33. Part (a) of FIG. 3 shoWs a TFT (Thin-Film 
Transistor) substrate side, While part (b) of FIG. 3 shoWs a CF 
substrate side. 
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On the TFT substrate side, a pixel electrode 12 is located 
Within an area enclosed by scan lines 10 and signal lines 11. 
A re?ective electrode 16 is located so as to form a transmis 
sive area (designated by an arroW T) and a re?ective area 
(designated by an arroW R) on the pixel area. Further, in each 
pixel is located a TFT for controlling a voltage to be applied 
to each pixel. To contact a source electrode 15 With the pixel 
electrode 12 in the TFT, a contact hole 18 is formed. On the 
other hand, on the CF substrate are located a back matrix 21 
and a common electrode 22. 

FIGS. 4 and 5 are schematic sections cut on the A-A' and 
the B-B' ofFIG. 3A. The liquid crystal cell 33 is composed by 
a liquid crystal layer 31 laid betWeen the ?rst substrate 13 and 
the second substrate 23. 

The liquid crystal layer 31 is formed by a liquid crystal 
composition With a positive dielectric anisotropy in Which a 
dielectric constant toWard the major axes of the liquid crystal 
molecules is larger than a dielectric constant toWard the minor 
axes thereof. The liquid crystal layer 31 is formed by a liquid 
crystal material that stays in the nematic phase in a Wide range 
of temperatures including a room temperature. The liquid 
crystal alignment should be the homogeneous alignment. 
Further, it is preferable to use the liquid crystal layer that 
keeps the transmittance during the holding period and shoWs 
so high an electric resistivity as causing no ?icker in the 
driving condition in the use of the TFT such as in the condi 
tion that the resolution is QVGA (the number of the lines 
being 240) and the driving frequency is 60 HZ. That is, the 
electric resistivity of the liquid crystal layer 31 is requested to 
have a value of 1012 Qcm2 or more, in particular, 1013 Qcm2 
or more. 

On the top surface on the liquid crystal layer side of the ?rst 
substrate 13, an alignment ?lm 17a and the pixel electrode 12 
are located in this describing sequence. On the re?ective 
portion, the re?ective electrode 16 is located betWeen the 
alignment ?lm 17a and the pixel electrode 12. The re?ective 
electrode 16 may be located under the pixel electrode 12. 
When the re?ective electrode 16 is located on the side of the 
liquid crystal layer With respect to the pixel electrode 12, the 
re?ective electrode 16 shoWs a higher re?ectance. On the ?rst 
substrate 13 are located the signal line 11 and an insulating 
?lm 14. 

On the liquid crystal side of the second substrate 23 are 
located red color ?lters 2411, green color ?lters 24b and blue 
color ?lters 240. A black matrix 21 is located betWeen the 
pixels or betWeen the transmissive portion and the re?ective 
portion. On the liquid crystal layer side of the color ?lters 24 
are located a leveling layer 28, an in-cell retarder 25, a pro 
tective ?lm 27, and further a common electrode 22. 

Further, in the re?ective portion, a step portion 26 is located 
betWeen the common electrode 22 and the protective ?lm 27. 
An alignment ?lm 17b is located on the liquid crystal side of 
the common electrode 22. 

The ?rst and the second substrates 13 and 23 are transpar 
ent so that light may be transmitted therethrough. For 
example, the ?rst and the second substrates 13 and 23 may be 
formed by a glass or polymer ?lm. Preferably, the polymer 
?lm may be formed by plastic orpolyether sulphone (referred 
to as the PES). HoWever, a gas barrier is requested to be 
formed on the surface of the substrate because air is alloWed 
to pass through the plastic or the PBS. The gas barrier is 
requested to be formed by silicon nitride. 

The alignment ?lm 17 has a function of horiZontally align 
ing the liquid crystal molecules on the surface of the sub 
strate. It is preferable to use a polyimide system organic ?lm 
as the alignment ?lm 17. 
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6 
FIG. 6 shoWs an equivalent circuit of the pixels composing 

a display area and located in a matrix manner. FIG. 7 shoWs a 
schematic section on the C-C' of FIG. 3. 

In FIG. 6, the pixel area includes the signal lines 11 and the 
scan lines 10. The area enclosed by the signal line 11 and the 
scan line 10 corresponds to the pixel. The signal line is located 
substantially perpendicularly to the scan line. The crossing 
point therebetWeen has at least one TFT 19. The TFT 19 is 
connected With the contact hole 18, Which is connected With 
the pixel electrode 12 though not shoWn in FIG. 4. Further, at 
least one storage capacitor is located for one pixel so as to 
prevent the held image signal from being leaked out. 

Herein, the description has been expanded With an example 
of the active matrix drive in Which one TFT 19 is located for 
one pixel. This embodiment may achieve the same effect if it 
is applied to the passive matrix drive. The TFT 19 takes an 
inversely staggered structure each channel portion of Which 
has the storage capacitor 36. 

In FIG. 7, a voltage signal for controlling the liquid crystal 
layer 31 is applied onto the signal line 11. A signal for con 
trolling the TFT 19 is applied onto the scan line 10. The 
source electrode 15 is connected With the scan electrode 12 
through the contact hole 18. It is preferable to make the signal 
line 11, the scan line 10 and the source electrode 15 of a 
loW-resistive conductive material. For example, the material 
may be chrome, tantalum molybdic, tantalum, aluminum, 
copper, or the like. 
The pixel electrode 12 is located so as to apply an electric 

?eld onto the liquid crystal layer 31. The pixel electrode 12 is 
made of a transparent conductive material. For example, the 
material may be indium-tin oxide (ITO) or Zinc oxide (ZnO). 
The re?ective electrode 16 is located so as to re?ect the 

ambient light incident from the side of the second substrate 
23. The re?ective electrode 16 has an uneven surface in order 
to diffuse the incident ambient light. Though this uneven 
surface may be formed on only the re?ective electrode 16, in 
this embodiment, as shoWn in FIG. 1, the uneven surface is 
formed on the insulating ?lm 14a and the insulating ?lm 14a 
is pasted on the re?ective electrode 16. This pasting results in 
making the surface of the re?ective electrode 16 uneven. 
Further, the re?ective electrode 16 is connected With the pixel 
electrode 12 so as to keep the re?ective electrode 16 at the 
same electric potential as the transmissive area. Hence, the 
re?ective electrode 16 is served as an pixel electrode of the 
transmissive area. The re?ective electrode 16 is formed of 
highly conductive metal. In particular, it is preferable to make 
the re?ective electrode 16 of silver or aluminum because the 
metal has a high re?ectance in a visible area and a high 
conductivity. 
The color ?lter 24 is an array of a red area, a green area and 

a blue area through Which red light, green light and blue light 
may be passed in each pixel respectively. For example, this 
kind of array may be a stripe array, a delta array, or the like. 
The black matrix 21 is located so as to cut off light leaked 

out of the adjacent pixel and a tapered portion of the step 26 
located in the re?ective portion. The black matrix 21 is made 
of opaque metal such as chrome, tantalum molybdic, tanta 
lum, aluminum or copper. 
The leveling layer 28 is located so as to level an uneven 

surface caused in producing the color ?lter. It is preferable to 
form the leveling layer 28 of acrylic resin or the like. 
The in-cell retarder is located so as to make the optical 

characteristic of the re?ected display closer to that of the 
transmissive display. The in-cell retarder 25 is made of liquid 
crystal polymer. Hence, the in-cell retarder 25 is higher in a 
molecular alignment characteristic than the retarder made by 
extending an organic polymer ?lm and thus has the substan 
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tially same molecular alignment characteristic as the liquid 
crystal layer 31. Therefore, the in-cell retarder 25 has a far 
larger An than the outside retarder. It means that by properly 
adjusting the molecular structure and the manufacturing con 
dition, it is possible to make An of the in-cell retarder 25 larger 
than or equal to that of the liquid crystal layer 31. The thick 
ness of the outside retarder is as long as several tens pm, 

which is ten times as long as the thickness of the liquid crystal 
layer. However, the use of the liquid crystal polymer mol 
ecules makes it possible to greatly reduce the thickness of the 
in-cell retarder 25. As compared With the conventional 
arrangement provided With the outside retarder, it is possible 
to greatly reduce the thickness of the overall liquid crystal 
panel. 

The in-cell retarder 25 is served to rub the substrate on 
Which an alignment ?lm is coated. The diacrylic liquid crystal 
mixture, dissolved in an organic solvent With a photo initiator, 
is coated on the in-cell retarder 25 by means of the spin coat, 
the print, or the like. Immediately after the coating, the mix 
ture is in liquid solution. Then, as the solvent is being evapo 
rated, the mixture is aligned in the alignment direction of the 
retardation alignment ?lm. By radiating a ultraviolet ray to 
the coat, acrylic groups of the molecule ends are polymerized. 
In this reaction, oxygen is an inhibitive factor to the polymer 
ization. HoWever, a su?icient density of the light reaction 
starting agent makes the light reaction progressed at a proper 
speed. If the in-cell retarder is required to be patterned, the 
portions to be patterned are hidden from the ultraviolet radia 
tion With a mask or the like and then developed by means of 
an organic solvent so that the in-cell retarders may be located 
only on the necessary portions. The foregoing process results 
in making it possible to solidify the coat as roughly keeping 
the alignment of the liquid crystal layer and thereby form the 
retardation layer. Afterwards, the retardation layer is heated 
in each step of the process of forming the alignment ?lm. 
Since the retardation layer stays at a high temperature, the 
retardation value is reduced. The current retardation value is 
substantially proportional to the length of time When the 
retardation layer stays at a high temperature if the high tem 
perature is constant. Hence, the initial retardation value may 
be set in consideration of this phenomenon. It is preferable to 
make the retardation value of the in-cell retarder used in this 
embodiment smaller than N4. This is because the phase dif 
ferent left in the liquid crystal is required to be considered 
When displaying a black image. 

The protective ?lm 27 is located so as to protect the liquid 
crystal layer 31 so that the in-cell retarder 25 is not leaked into 
the liquid crystal layer 31. Like the leveling layer 28, it is 
preferable to make the protective ?lm 27 of acrylic resin or the 
like. 

The common electrode 22 is made of a transparent con 
ductive material. For example, the material may be ITO (In 
dium Tin Oxide) or ZnO (Zn Oxide). 

The step 26 is located so as to make the optical response of 
the transmissive portion substantially equal to that of the 
re?ective portion. Preferably, the step 26 is made of a resist 
material or the like. 

As to the foregoing description of the ?rst embodiment, the 
axial locations of the polarization plate, the retarder, and the 
liquid crystal alignment and the phase difference values in the 
locations are listed in Table 1 according to the ?rst embodi 
ment A. 
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TABLE 1 

Prior First First Second 
Art Embodiment A Embodiment B Embodiment 

Polarization 15° 15° 45° 45° 
Plate 
Retarder 3 0 ° 30 ° i i 

Outside 90° i i i 

Retarder 
In-cell i 90° 90° 90° 

Retarder 
Liquid 90° 90° 90° 90° 
Crystal 
Optical 270° 270° 270° 270° 
Compensation 
Film 
Outside 90° 90° i i 

Retarder 
Retarder 155° 155° i i 

Polarization 85 ° 85 ° —45° —45° 

Plate 

TABLE 1 B 

Prior First First Second 
Art Embodiment A Embodiment B Embodiment 

Polarization i i i i 

Plate 
Retarder 270 270 i i 

Outside 108 i i i 

Retarder 
In-cell i 110 100 Per Pixel 

Retarder 
Liquid 280 280 280 280 
Crystal 
Optical —30 —30 —30 —30 
Compensation 
Film 
Outside 150 150 i i 

Retarder 
Retarder 270 270 i i 

Polarization i i i i 

Plate 

* The unit is (nrn). 

Table 1A lists the axial locations and Table 1B lists the 
phase difference values. The axial locations should folloW the 
values listed in Table 1A. HoWever, they are not limited to 
those values. 

In this embodiment, the retarder of the trans?ective ECB 
LCD is built in the liquid crystal cell, though it is connected 
outside in the prior art. Further, the optical compensation ?lm 
is used in this embodiment. The use of the in-cell retarder and 
the optical compensation ?lm makes the trans?ective ECB 
LCD device thinner than the conventional one. 

Further, by patterning the in-cell retarder of the transmis 
sive portion and removing the outside retarder 37 and the 
retardations 38a and 38b shoWn in FIG. 1, it is possible to 
make the overall LCD device thinner and enhance the trans 
missive contrast ratio. This composition Will be described 
With reference to FIGS. 8 and 9. 

FIG. 8 shoWs a schematic section of the LCD device 
according to this embodiment. FIG. 9 shoWs a schematic 
section of the transmissive portion. The schematic section of 
the re?ective portion is the same as that shoWn in FIG. 4, and 
thus the description thereabout is left out. 

The method of patterning the in-cell retarder has been 
described above. As another method, When the diacrylic liq 
uid crystal mixture is coated on the in-cell retarder, the 
retarder is heated so that it may be an isotropic layer. In this 
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state, a ray of light is radiated to only the portions to be 
patterned. The portions to Which a ray is radiated are solidi 
?ed as the isotropic layer. Hence, the phase difference value is 
made substantially Zero, so that those portions have the same 
effective characteristics as the layer formed by the foregoing 
patterning method. 

Unlike the composition shoWn in FIG. 1, the outside 
retarder 37 and the retarders 38a and 38b are removed. As 
shoWn in FIG. 8, the LCD is composed of the liquid crystal 
cell 33, the pair of polariZation plates 32a, 32b, the optical 
compensation ?lm 35, and the backlight unit 34. Further, as 
shoWn in FIG. 9, the in-cell retarder is not located in the 
transmissive portion. 

In turn, the description Will be oriented to the condition on 
Which the LCD device performs a contrasting display When 
the in-cell retarder is patterned. The axial locations of the 
polariZation plates, the retarder and the liquid crystal are 
listed in the Table 1 according to the embodiment 1B. As is 
understood from the Table l, on the transmissive portion, the 
retarder except the optical compensation ?lm is not located. 
In this embodiment is used the optical compensation ?lm as 
shoWn in FIG. 2. The optical compensation ?lm as shoWn in 
FIG. 2 brings about a quite slight planar phase difference 
When observed in the normal direction of the substrate. For 
example, as to the ?lm as shoWn in FIG. 2A, in general, the 
?lm has a planar phase difference of 20 to 30 nm. Further, the 
liquid crystal layer 31 has a phase difference of about N2 
When no voltage is applied to the liquid crystal and has only 
the phase difference left on the surface of the substrate When 
a far higher voltage than the threshold value is applied thereto. 
(Hereafter, this phase difference is called the residual phase 
difference.) The axis called a stamp axis shoWn in FIG. 2A is 
located in parallel to the liquid crystal alignment axis. Hence, 
a sloW axis of the front phase difference of the optical com 
pensation ?lm is located perpendicularly to the sloW axis of 
the residual phase difference When a certain voltage is applied 
to the liquid crystal. Hence, by applying a voltage to the liquid 
crystal so that these tWo phase differences are made equal to 
each other, the phase differences are offset With each other 
and thus the complete black image can be achieved. 

Further, the optimal in-cell retarder has respective optimal 
values. This is because as to the conventional method and the 
method of the ?rst embodiment A, the retarder is used for 
keeping the transmission and the re?ection compatible With 
each other, While as to the embodiment 1B, What is to be 
considered is the re?ective portion only. 

In this embodiment, since the outside retarder 37 of the 
transmissive portion and the retarder 38 are removed, the 
overall LCD device is made thinner. Further, since the in-cell 
retarder 25 is removed from the transmissive portion, the 
reduction of a contrast ratio caused by an axial shift or vari 
able phase differences is avoided. Hence, the transmissive 
contrast ratio may be improved. 

Second Embodiment 

In turn, the description Will be oriented to the LCD device 
according to another embodiment. 

The second embodiment concerns With the trans?ective 
ECB-LCD device that uses the in-cell retarder and thus is not 
required to have the outside retarder, in Which device as to the 
phase difference values of the retarder built in the re?ective 
portion, the values of the blue and the green are equal to each 
other but the value of the red is different therefrom or the 
values of the blue, the green and the red are different from one 
another. Further, the phase difference values of the retarders 
built in the color pixels do not have the relation of M4. The 
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10 
second embodiment makes it possible to improve the 
re?ected color When displaying a black image and to improve 
the re?ective contrast ratio. 
The sectional structure of the LCD device according to the 

second embodiment is the same as that shoWn in FIG. 8. The 
schematic sectional structure of the transmissive portion is 
the same as that shoWn in FIG. 9. The different respect 
betWeen the ?rst embodiment and the second one Will be 
described With reference to FIG. 10. FIG. 10 shoWs a sche 
matic section of the re?ective portion, Which corresponds 
With the composition shoWn in FIG. 4 according to the ?rst 
embodiment. The composition shoWn in FIG. 10 is different 
from that shoWn in FIG. 4 in a respect that an in-cell retarder 
25r located on a red pixel area (at a location corresponding 
With the red color ?lter 24r), an in-cell retarder 25 g located on 
a green pixel area (at a location corresponding With the green 
color ?lter 24g), and an in-cell retarder 25b located on a blue 
pixel area (at a location corresponding With the blue color 
?lter 24b) have their respective phase difference values. 

In general, the color ?lter to be used for the trans?ective 
LCD often provides a hole formed therein if the color ?lter 
belongs to the re?ective portion. This hole is formed to 
enhance the re?ectance. This hole is served to loWer the color 
reproducibility of the re?ective portion but enhance the 
re?ectance. HoWever, since the present embodiment is 
arranged to make the phase difference value of the in-cell 
retarder for each color pixel optimal, the use of the color ?lter 
With the hole opened therein makes it possible to loWer the 
display quality When displaying a black image. Hence, as to 
the red color ?lter 24r, the green color ?lter 24g and the blue 
color ?lter 24b used in this embodiment, to enhance the 
re?ectance as obtaining an excellent black image, it is pref 
erable not to form a hole in the re?ective portion. HoWever, if 
the same color ?lter as the color ?lter of the transmissive 
portion With a high color reproducibility is used for the re?ec 
tive portion, it is not possible to obtain a su?iciently high 
re?ectance. In order to solve this problem, therefore, it is 
necessary to make the thickness of the color ?lter of the 
re?ective portion different from that of the transmissive por 
tion. That is, The color ?lter of the re?ective portion is 
required to be thinner than that of the transmissive portion. 

Conventionally, When the outside retarder is used, for 
example, if a N4 plate is located, it has been impossible to 
meet the condition of M4 as to all the RGB pixels. Hence, by 
independently controlling the phase difference values of tWo 
or all of the RGB pixels, it is possible to meet the ideal 
condition as to tWo or all of the color pixels. The axial loca 
tions and the phase difference values of the retarder plate are 
listed in the second embodiment of Table l. Herein, to opti 
miZe tWo of the RGB pixels, it is preferable to make the green 
pixels equal to the blue pixels and optimiZe the red pixels 
only. The grounds Will be described beloW With reference to 
FIG. 11. 

FIG. 11 shoWs the transmission spectrums of the general 
color ?lters. In the chart of FIG. 11, an axis of ordinate 
denotes a transmittance and an axis of abscissas denotes a 
Wavelength, and the spectrums for the red, the green and the 
blue are depicted. As is understood from FIG. 11, the blue 
color ?lter has a peak around 450 nm, While the red color ?lter 
passes almost of the light of 600 nm or more therethrough. 
Hence, it is presumed that the red color ?lter has a greater 
light leakage With the standard of the green pixel. It means 
that it is preferable to independently control the phase differ 
ence value of the red pixel. 

To make sure of the effect of this embodiment, the re?ec 
tive characteristic Was theoretically measured. Letting An of 
the liquid crystal be 0.07 and AG be 7, it Was designed that the 
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phase difference of the liquid crystal Was about 140 nm When 
no voltage is applied. (An:0.07 (for the Wavelength of 550 
nm) and a cell gap is 2.0 pm.) In this condition, considering 
the phase difference value of the in-cell retarder of each color 
pixel, it is preferable that RIMR is about 136 nm for the 
Wavelength of 650 nm and RING and RIMB are about 112 nm 
for the Wavelength of 550 nm. If the blue pixel is indepen 
dently controlled, it is preferable that RIMB is about 95 nm for 
the Wavelength of 450 nm. Herein, R,N_R. RING and RINB 
denote the phase difference values of the in-cell retarders 25 
located for the red, the green and the blue pixels respectively. 
These values are not M 4 for each Wavelength. In this condi 
tion, the re?ecting contrast ratio Was calculated. As compared 
With the condition of the embodiment 1B, for optimiZing tWo 
pixels, the re?ecting contrast ratio Was improved double and 
for optimiZing three pixels, the re?ecting contrast ratio Was 
improved quadruple. 

The method for forming the in-cell retarder to be used in 
this embodiment Will be described With reference to FIGS. 
12A to 12C. Since FIGS. 12A to 12C are the explanatory 
vieWs of the method of forming the in-cell retarder 25 on the 
second substrate 23, the color ?lter 24 and the like are not 
shoWn therein. At ?rst, an alignment ?lm 39 for the in-cell 
retarder is coated and rubbed on the second substrate 23. This 
alignment ?lm 39 is used for aligning the diacrylic liquid 
crystal mixture on Which the retarder is formed. On the coated 
?lm 39, the diacrylic liquid crystal mixture is coated by 
means of the spin-coating or the printing means as shoWn in 
FIG. 12A. Immediately after the mixture is coated, the mix 
ture stays in the solution state. The mixture is aligned in the 
aligning direction of the alignment ?lm 39 as evaporating the 
solvent. By radiating a ultraviolet ray to the ?lm-coated sub 
strate, the acrylic groups of the ends of the molecules are 
polymeriZed. When radiating the ray, With a halftone mask or 
a grayscale mask or as changing the light intensity according 
to a portion, the radiating intensity of the ultraviolet ray is 
changed according to a portion as shoWn in FIG. 12B. As a 
result, in the portion Where the ray is radiated at a high 
intensity, the liquid crystal molecules are completely 
coupled, While in the portion Where the ray is radiated at a 
relatively loW intensity, the liquid crystal molecules may not 
be coupled. Since a certain degree of coupling is executed 
over the surface, all of the portions are left in the organic 
development. HoWever, after being heated, the aligning state 
of the portion Where the radiation is loW is more scattered than 
the aligning state of the portion Where the radiation is high as 
shoWn in FIG. 12C because the coupling of the acrylic groups 
in the former portion is incomplete. As such, by changing the 
radiation intensity, it is possible to control the birefringence 
of the in-cell retarder and thus to control the phase difference 
value for each color pixel. This method does not need the heat 
process When radiating the ray and needs only one radiation. 
Hence, the steps of the process are not increased more. Fur 
ther, the retardation layer is formed to keep its thickness 
constant. 

As described above, the arrangement of this embodiment 
makes it possible to enhance the re?ecting contrast ratio 
though the outside retarder is not used and to thin the overall 
structure more. Further, since the retarder is not located in the 
transmissive portion, it is possible to prevent the loWering of 
the transmissive contrast ratio caused by the retarder-based 
factors such as axial shift or a variety of phase difference 
values. Further, With the halftone mask or the grayscale mask, 
the phase difference value can be controlled Without having to 
increase the steps of the process in number and form the step 
in the retarder. 
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Further, When forming the in-cell retarder, the selective use 

of a material therefore makes it possible to continuously 
change the refractive index distribution of the retarder in the 
thickness direction of the retarder. As this result, the optical 
characteristic of the re?ected light can be improved. At this 
time, the front phase difference of the in-cell retarder 25 is 
different in each color pixel. Further, in FIG. 13, the liquid 
crystal is shoWn as bar-like nematic liquid crystal. Instead, it 
may take the form of the discotic liquid crystal. 
The retarder shoWn in FIG. 13 may be formed by using 

such a material as aligning the liquid crystal molecules on the 
air interface. 

Third Embodiment 

In turn, the description Will be oriented to the LCD device 
according to another embodiment of the present invention. 

This embodiment is arranged to control the phase differ 
ence value of the in-cell retarder based on not the birefrin 
gence but the thickness. This embodiment arranged to 
execute the thickness-based control offers the same effect as 
the second embodiment. 
The different respect betWeen this third embodiment and 

the second embodiment Will be described beloW With refer 
ence to FIG. 14. FIG. 14 is a section shoWing the second 
substrate 23 to be used for the third embodiment. Since FIG. 
14 is an explanatory vieW of the form of the in-cell retarder 25, 
the color ?lter 24 and the like are not shoWn therein. The step 
40 used for the in-cell retarder is located on the second sub 
strate 23 so as to properly adjust the thickness of the in-cell 
retarder 25. 

It is preferable that the step 40 is formed by an organic 
insulating ?lm, for example. To form the step, the etching 
may be carried out by radiating a ray to the coated ?lm With 
the proper portions being hidden by the grayscale mask or the 
halftone mask. Or, the other etching may be carried out by 
radiating a ray to the portions to be etched. Further, the step 40 
may be served as the step 26. 
As described above, like the second embodiment, the 

arrangement of the third embodiment makes it possible to 
enhance the re?ecting contrast ratio though the outside 
retarder is not used and to thin the overall structure more. 

Fourth Embodiment 

In turn, the description Will be oriented to the LCD device 
according to another embodiment of the invention. 
The fourth embodiment concerns With the VA system 

trans?ective LCD device arranged so that the liquid crystal 
molecules are aligned vertically With respect to the substrate 
When no voltage is applied to the liquid crystal and rotated 
horiZontally With respect to the substrate When a certain volt 
age is applied thereto. This VA system trans?ective LCD 
device uses the optical compensation ?lm and includes the 
retarder built inside the liquid crystal cell. This embodiment is 
arranged to build the retarder in the trans?ective VA-LCD. 
Hence, the structure of this embodiment is made thinner than 
that of the prior art. 

The different respect betWeen this embodiment and the 
?rst embodiment Will be described beloW With reference to 
FIGS. 15 to 19. FIG. 15 shoWs a schematic section of the LCD 
device according to this fourth embodiment. The LCD device 
includes a pair of polariZation plates 32a and 32b, a pair of 
optical compensation ?lms 35a and 35b, a liquid crystal cell 
33, and a backlight unit 34. 
The optical compensation ?lms 35a and 35b are served as 

the ?lms for optically compensating for a visual angle. These 
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?lms are located so as to reduce light leakage caused When 
observing a black image on the display in the oblique direc 
tion. It is preferable that the optical compensation ?lms 35a 
and 35b are formed as negative C plates each having a sub 
stantially isotropic refractive index on the plane and a smaller 
refractive index in the thickness direction than the refractive 
index on the plane. The material of the optical compensation 
?lm 35 may be a polycarbonate, polyole?n, polystyrene, 
polyester cellulose, or a cellulose acylate family such as cel 
lulose acetate or cellulose acetate butyrate. From a total vieW 
point, it is preferable to use the cellulose acylate family, in 
particular, the cellulose acetate, for the material of the ?lm 35. 
The ?lms 35a and 35b located vertically have the substan 
tially same retarder Rth in the thickness direction. The retarder 
Rth should be about 100 nm. The retarder Rth is de?ned by the 
folloWing expression (1); 

[Expression 1] 

Wherein nx, I17 and n2 denote refractive indexes on the major 
axis of the refractive ellipsoid, in particular, rrC and ny denote 
refractive indexes on the plane and n2 denotes a refractive 
index in the thickness direction, and d denotes a thickness of 
the retarder (herein, the negative C plate). 

FIGS. 16 to 18 are sections of the planar structure of the 
liquid crystal cell 33. In particular, FIG. 17 is a schematic 
section cut on the D to D' and FIG. 19 is a schematic section 
cut on the E to E'. 

The VA system LCD device is required to have a projection 
and a slit to be used for controlling the alignment. FIG. 16 
shoWs the structure in Which the projection 29 is formed and 
FIG. 18 shoWs the structure in Which the slit 30 is formed. 

The projection 29 is located so as to regulate the orientation 
of the liquid crystal molecules fallen doWn When an electric 
?eld is applied to the liquid crystal layer. It is necessary to 
regulate the orientation in Which the vertically aligned liquid 
crystal molecules are fallen doWn When a voltage is applied 
thereto. Herein, as an example, the projection is used for 
regulating the orientation. Instead of it, an electrode slit may 
be used as shoWn in FIG. 19. In the peripheral portion of the 
projection 29, the aligning orientation of the liquid crystal 
molecules of the liquid crystal layer 31 is inclined toWard the 
normal of the substrate according to an inclination of the edge 
of the projection 29. The projection 29 is formed of acrylic 
resin, for example. By photo-etching the acrylic resin, it is 
possible to form the projection 29. 

The liquid crystal layer 31 is formed of a liquid crystal 
mixture shoWing a negative dielectric anisotropy, concretely, 
in Which the dielectric constant on the major axis of the liquid 
crystal molecules is smaller than that on the minor axis 
thereof. The liquid crystal layer 31 uses as its material the 
liquid crystal that keeps its state in the nematic phase in the 
Wide temperature range including a room temperature. Fur 
ther, the liquid crystal layer 31 also uses as its material the 
liquid crystal that keeps a su?iciently high transmittance and 
such a high resistivity as not bringing about ?ickers in the 
TFT-based driving condition in Which the resolution is 
QVGA (the number of lines being 240) and the driving fre 
quency is 60 HZ. That is, it is preferable that the resistivity of 
the liquid crystal layer 31 is 1012 Qcm2 or more, in particular, 
1013 Qcm2 or more. 
The alignment ?lm 17 has a function of vertically aligning 

the liquid crystal molecules on the surface of the substrate. 
Preferably, the alignment ?lm 17 should be formed of a 
polyimide system organic material. An SiO vertical evapo 
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rated ?lm, a surface active agent, or a chrome complex may be 
used for forming the alignment ?lm 17. 
The trans?ective VA-LCD device according to this fourth 

embodiment is arranged to built the outside retarder, Which 
has been conventionally located on the side of the display 
portion, in the liquid crystal cell and thus makes it possible to 
thin the overall structure more than that of the conventional 
trans?ective VA-LCD device. 

Fifth Embodiment 

In turn, the description Will be oriented to the LCD device 
according to another embodiment of the invention. 

This embodiment concerns With the trans?ective VA-LCD 
device that makes the color change of the re?ected light 
smaller by using the in-cell retarder Without having to use the 
M 2 plate having been conventionally required. This trans?ec 
tive VA-LCD device is arranged to use the corresponding 
value With each color pixel for the phase difference value of 
the in-cell retarder. This arrangement makes it possible to 
reduce the coloring degree of the re?ected light and to thin the 
overall body more than that of the fourth embodiment. 

The different respect betWeen this ?fth embodiment and 
the fourth embodiment Will be described With reference to 
FIG. 20. FIG. 20 shoWs a schematic section of the LCD 
device according to the ?fth embodiment. The LCD device 
includes a pair of polariZation plates 32a and 32b, a pair of 
optical compensation ?lms 35a and 35b, a liquid crystal cell 
33, an outside retarder 37, and a backlight unit 34. 

The section of the planar structure of the liquid crystal cell 
is likeWise to that shoWn in FIGS. 16 and 18. The sectional 
structure of the liquid crystal cell corresponds to the structure 
shoWn in FIG. 17 or 19 from Which the in-cell retarder 25 is 
removed. 

Like the second embodiment, this ?fth embodiment is 
arranged to locate the in-cell retarder having a phase differ 
ence value for each color pixel. This arrangement makes it 
possible to improve the color of the re?ected light When 
displaying a black image, thereby being able to improve the 
re?ecting contrast ratio. Tables 2A and 2B list the axial loca 
tions and the phase difference values of the retarder of the 
prior art, the fourth embodiment and the ?fth embodiment. 

TABLE 2A 

Fourth Fifth 
Prior Art Embodiment Embodiment 

Polarization 0O 0O 0 
Plate 
Retarder —l05O —l05O i 

Outside 15 O i i 

Retarder 
Optical 0 ° 0 ° 0 ° 

Compensation 
Film 
In-cell i —I50 450 

Retarder 
Liquid Vertical Vertical Vertical 
Crystal 
Optical 0 ° 0 ° 0 ° 

Compensation 
Film 
Outside —75° —75° —45° 
Retarder 
Retarder —l50 —l50 i 

Polarization —900 —900 —900 
Plate 
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TABLE 2B 

Fourth Fifth 
Prior Art Embodiment Embodiment 

Polarization i i i 

Plate 
Retarder 270 270 i 

Outside 138 i i 

Retarder 
Optical 0 0 0 
Compensation 
Film 
In-cell i 13 8 Per Pixel 

Retarder 
Liquid 0 0 0 
Crystal 
Optical 0 0 0 
Compensation 
Film 
Outside 138 138 138 
Retarder 
Retarder 270 270 i 

Polarization i i i 

Plate 

* The unit is (nm). 

To make sure of the effect of this ?fth embodiment, the 
re?ective characteristic was theoretically calculated. It was 
assumed that An of the liquid crystal is 0.105 and AG thereof 
is —4.8. The LCD device was designed so that the Rth of the 
liquid crystal is about 175 nm when no voltage is applied to 
the liquid crystal (And:0.105 (for the wavelength of 550 nm) 
and a cell gap:1.67 um). In this designing condition, it is 
preferable that each pixel has the following phase difference 
value of the in-cell retarder. That is, RIMR has a value of about 
157 nm for a wavelength of 650 nm, RING has a value of about 
132 nm for a wavelength of 550 nm, and RIMB has a value of 
about 450 nm for a wavelength of 450 nm. In this condition, 
the re?ecting contrast ratio was calculated. As a result, as 
compared with that of the fourth embodiment, the re?ecting 
contrast ratio of this ?fth embodiment was enhanced triple. 
As described above, the LCD device arranged according to 

this embodiment makes it possible to enhance the re?ecting 
contrast ratio without using the outside retarder and thereby 
to thin the overall structure more. 

Sixth Embodiment 

In turn, the description will be oriented to the LCD device 
according to another embodiment of the present invention. 

This sixth embodiment concerns with the TN system trans 
?ective LCD device that aligns the liquid crystal molecules 
substantially in parallel to the substrate when no voltage is 
applied to the liquid crystal and keeps twisted at the initial 
alignment of the liquid crystal and then rotates the liquid 
crystal molecules vertically with respect to the substrate 
when a voltage is applied to the liquid crystal. This trans?ec 
tive LCD device is arranged to use the optical compensation 
?lm and build the retarder in the liquid crystal cell so that each 
color pixel may have the corresponding phase difference 
value of the in-cell retarder. The trans?ective TN-LCD to 
which this sixth embodiment is applied makes it possible to 
thin the overall body so that the retarder may be built in the 
liquid crystal cell and thereby to enhance the transmissive 
contrast ratio as compared with the conventional trans?ective 
TN system LCD device that has been used the outside 
retarder. 

The different respect between this sixth embodiment and 
the ?rst embodiment will be described with reference to FIG. 
21. FIG. 21 shows a schematic section of the LCD device 
according to this sixth embodiment. The LCD device 
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includes a pair of polarization plates 32a and 32b, a pair of 
optical compensation ?lms 35a and 35b, a liquid crystal cell 
33, and a backlight unit 34. 
The liquid crystal layer 31 is aligned twistedly about 90 

degrees. This alignment canbe achieved by rubbing the align 
ment ?lms located on the ?rst substrate 13 and the second 
substrate 23 so as to make these alignment ?lms crossed at 
right angles. To determine the twisting direction, a chiral 
material may be added to the liquid crystal. 
The absorption axes of the pair of polarization plates 32a 

and 23b are located in a manner to be crossed at right angles. 
Further, the slow axis of the in-cell retarder and the absorption 
axis of the polarization plate are located in a manner to be 
crossed at about 45 degrees. 

It is preferable that the pair of optical compensation ?lms 
35a and 35b are the same as those described with respect to 
the ?rst or the second embodiment. The axis shown in FIG. 2 
is located in parallel to the absorption axis of the polarization 
plate closer to the axis shown in FIG. 2. 

Like the second embodiment, the LCD device according to 
this sixth embodiment is arranged to locate the in-cell retarder 
having the corresponding phase difference value with each 
color pixel. This arrangement makes it possible to improve 
the color of the re?ected light when displaying a black image 
and thereby to enhance the re?ecting contrast ratio. 

To make sure of the effect of this sixth embodiment, the 
re?ective characteristic was theoretically calculated. It was 
assumed that An of the liquid crystal is 0.095 and AG thereof 
is 5 .2. The LCD device was designed so that the retarder value 
of the liquid crystal of the re?ective portion is about 200 nm 
when no voltage is applied to the liquid crystal (And:0.009 
(for a wavelength of 550 nm) and a cell gap:2.02 um). In this 
condition, it is preferable that the in-cell retarder of each color 
pixel has the corresponding phase difference value. That is, 
RIMR has a value of about 151.4 for a wavelength of 650 nm, 
RING has a value of about 138.0 nm for a wavelength of 550 
nm, and RINB has a value of about 1 15.4 nm for a wavelength 
of 450 nm. In this condition, the re?ecting contrast ratio was 
calculated. As compared with the case that the in-cell retarder 
keeps its retarder value constant, the re?ecting contrast ratio 
was improved triple. 
As described above, the LCD device arranged according to 

the sixth embodiment makes it possible to enhance the 
re?ecting contrast ratio without having to use the outside 
retarder for the re?ective portion and thereby to thin the 
overall body more. 

It should be further understood by those skilled in the art 
that although the foregoing description has been made on 
embodiments of the invention, the invention is not limited 
thereto and various changes and modi?cations may be made 
without departing from the spirit of the invention and the 
scope of the appended claims. 

The invention claimed is: 
1. A liquid crystal display device being arranged as a trans 

?ective system comprising: 
a ?rst substrate; 
a second substrate; 
a liquid crystal layer laid between the ?rst and the second 

substrates; 
a ?rst polarization plate located on the opposite side of the 

?rst substrate to the side on which the liquid crystal layer 
is located; 

a second polarization plate located on the opposite side of 
the second substrate to the side on which the liquid 
crystal layer is located; 

a plurality of pixels formed between the ?rst and the second 
substrates, each of the pixels having a re?ective area and 
a transmissive area; 
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an in-cell retarder located between the second substrate 
and the liquid crystal layer, the plurality of pixels includ 
ing different color pixels, and the in-cell retarder located 
for the different color pixels has a predetermined phase 
difference relationship for the different color pixels; and 

an optical compensation ?lm located betWeen the ?rst sub 
strate and the ?rst polarization plate or betWeen the 
second substrate and the second polarization plate or 
both. 

2. The liquid crystal display device as claimed in claim 1 
being arranged as an ECB system. 

3. The liquid crystal display device as claimed in claim 2, 
Wherein the optical compensation ?lm is composed of a poly 
mer liquid crystal ?lm formed of discotic liquid crystal and 
the aligning direction of the discotic liquid crystal is inclined 
With respect to the surface of the ?lm and is crossed With the 
initial aligning direction of the liquid crystal layer of the side 
Where the optical compensation ?lm is located at right angles. 

4. The liquid crystal display device as claimed in claim 3, 
Wherein the plurality of pixels are arranged to have red, green 
and blue pixels and the in-cell retarder located for the green or 
the blue pixel has a larger phase difference value than the 
in-cell retarder located for the red pixel. 

5. The liquid crystal display device as claimed in claim 4, 
Wherein the in-cell retarder located for the blue pixel is a 
larger phase difference value than the in-cell retarder located 
for the green pixel. 

6. The liquid crystal display device as claimed in claim 4, 
Wherein a phase difference value of the in-cell retarder is 
quarter or less time as large as a Wavelength at Which the 
highest transmittance is brought about in each of the red, the 
green and the blue pixels. 

7. The liquid crystal display device as claimed in claim 4, 
Wherein the in-cell retarder is made With a halftone mask or a 
gray scale mask. 

8. The liquid crystal display device as claimed in claim 4, 
Wherein the in-cell retarder has a uniform thickness in each of 
the red, the green and the blue pixels and has a different 
birefringence in each of the red, the green and the blue pixels. 

9. The liquid crystal display device as claimed in claim 4, 
Wherein the planar phase difference among all the optical 
?lms located betWeen the ?rst polarization plate and the ?rst 
substrate is 50 nm or less. 

10. The liquid crystal display device as claimed in claim 4, 
Wherein the planar phase difference among all the optical 
?lms located betWeen the second polarization plate and the 
second substrate is 50 nm or less. 

11. The liquid crystal display device as claimed in claim 4, 
Wherein the in-cell retarder is located only on the re?ective 
area of each of the pixels. 

12. The liquid crystal display device as claimed in claim 4, 
Wherein the in-cell retarder has a uniform birefringence in 
each of the red, the green and the blue pixels and has a 
difference thickness in each of the red, the green and the blue 
pixels. 

13. The liquid crystal display device as claimed in claim 
12, further comprising a step portion for adjusting the thick 
ness of the in-cell retarder so that the step portion alloWs the 
liquid crystal layer for the transmissive area to be thinner than 
the liquid crystal layer for the re?ective area. 
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14. The liquid crystal display device as claimed in claim 4, 

Wherein the optical compensation ?lm is composed of a poly 
mer liquid crystal ?lm formed of discotic liquid crystal and 
the aligning direction of the discotic liquid crystal is inclined 
With respect to the surface of the ?lm and is crossed With the 
initial aligning direction of the liquid crystal layer of the side 
Where the optical compensation ?lm is located. 

15. The liquid crystal display device as claimed in claim 1 
being arranged as a VA system. 

16. The liquid crystal display device as claimed in claim 
15, Wherein the optical compensation ?lm is a negative C 
plate. 

17. The liquid crystal display device as claimed in claim 
16, Wherein the plurality of pixels are arranged to have red, 
green and blue pixels, and the in-cell retarder located for the 
green or the blue pixel has a larger phase difference value than 
the in-cell retarder located for the red pixel. 

18. The liquid crystal display device as claimed in claim 
17, Wherein the in-cell retarder located for the blue pixel has 
a larger phase difference value than the in-cell retarder 
located for the green pixel. 

19. The liquid crystal display device as claimed in claim 
17, Wherein a phase difference value of the in-cell retarder is 
quarter or less time as large as a Wavelength at Which the 
highest transmittance is brought about in each of the red, the 
green and the blue pixels. 

20. The liquid crystal display device as claimed in claim 
17, Wherein the in-cell retarder has a uniform thickness in 
each of the red, the green and the blue pixels and has a 
different birefringence in each of the red, the green and the 
blue pixels. 

21. The liquid crystal display device as claimed in claim 
17, Wherein the planar phase difference among all the optical 
?lms located betWeen the ?rst polarization plate and the ?rst 
substrate is 50 nm or less. 

22. The liquid crystal display device as claimed in claim 
17, Wherein the planar phase difference among all the optical 
?lms located betWeen the second polarization plate and the 
second substrate is 50 nm or less. 

23. The liquid crystal display device as claimed in claim 
17, Wherein the in-cell retarder is located only on the re?ec 
tive area of each of the pixels. 

24. The liquid crystal display device as claimed in claim 
17, Wherein the in-cell retarder has a uniform birefringence in 
each of the red, the green and the blue pixels and has a 
difference thickness in each of the red, the green and the blue 
pixels. 

25. The liquid crystal display device as claimed in claim 
24, further comprising a step portion for adjusting the thick 
ness of the in-cell retarder so that the step portion alloWs the 
liquid crystal layer for the transmissive area to be thinner than 
the liquid crystal layer for the re?ective area. 

26. The liquid crystal display device as claimed in claim 1, 
Wherein the in-cell retarder located for the different color 
pixels has a different phase difference relationship for at least 
one of the different color pixels With respect to the phase 
difference relationship for at least another of the different 
color pixels. 


